In view of the importance of the intestine in the osmoregulation of freshwater fishes, we determined the effects of oxytocin, urotensin II (UII), and aldosterone added to the serosal side of the isolated posterior intestine of the freshwater-adapted teleost Anguilla anguilla on electrophysiological parameters. Oxytocin decreased the short-circuit current (SCC) and transepithelial potential difference (TPD) at concentrations of 1 and 10 mU/ml (to 50% and 42% of control values, respectively), but did not alter these parameters at a concentration of 0.1 mU/ml. UII reduced SCC and TPD at concentrations of 10 nM, 50 nM and 100 nM (to 85% of control values), but increased these parameters at the concentration of 500 nM (to 115% of control values). Aldosterone did not alter SCC or TPD at the concentrations tested (10 nM and 100 nM). Oxytocin may open Na + channels in the apical membrane, allowing the flow of Na + to the serosa, reducing SCC and TPD. Should this hypothesis be correct, oxytocin would be important for freshwater adaptation, since it would increase Na + absorption. The reduction of SCC and TPD in the posterior intestine of A. anguilla induced by UII is evidence that this neurohormone is also important for freshwater adaptation in teleosts. Aldosterone did not show this effect probably due to the lack of receptors in this organ.
The intestine of the seawater-adapted teleost Anguilla anguilla absorbs Na + , Cl -, and K + ions in higher amounts than the intestine of freshwater-adapted eels (1) . However, Na + -K + -ATPase and the coupled Na + -K + -Cl -transport, observed in the intestine of seawater-adapted A. anguilla, were also demonstrable in the intestine of freshwateradapted eels (2, 3) . In addition, Trischitta et al. (2) showed that adaptation to seawater or freshwater does not alter the basic transport properties of the intestine of A. anguilla, and proposed that even in freshwater-adapted fishes this organ could complement the function of the gills in the maintenance of the internal ionic composition. The pattern of stabilization of the transepithelial potential difference of the intestine of this species also suggests that this organ may quickly lead to greater animal adaptation to sea-or freshwater, which is important for the catadromous life of A. anguilla (3) .
In view of the importance of the intestine in osmoregulation of freshwater fishes, we determined the effect of three hormones, oxytocin, urotensin II (UII), and aldosterone, on the electrophysiological parameters of this organ.
Immature eels (A. anguilla) weighing 100-200 g were obtained from a supplier from Aveiro (Portugal) and were kept in a freshwater aquarium at 17 o C, without food for at least three days before use. Transepithelial potential difference (TPD), short-circuit current (SCC) and conductance (G) were measured in the stripped posterior intestine of A. anguilla as previously described by Baldisserotto and Mimura (3). The physiological control solution contained 118.5 mM NaCl, 25.0 mM NaHCO 3 , 3.0 mM CaCl 2 .2H 2 O, 4.7 mM KCl, 1.0 mM MgCl 2 .6H 2 O, 5.0 mM D-glucose, and 10.0 mM D-mannitol, pH 7.8, and was gassed with 98% O 2 -2% CO 2 .
The following hormones were tested: oxytocin (Syntocinon, Sandoz), observed for a minimum period of 30 min, UII (Sigma) for at least 40 min, and aldosterone (Aldocorten, CIBA) for at least 2.5 h. All hormones were added to the serosal side. SCC, TPD and G are reported as ratios compared to control values (mean ± SEM). These fractional values were used for statistical analysis by the Student t-test using the Microstat program (Ecosoft, Inc.) which permits the construction of the curve fitting graph (SlideWrite Plus, Advanced Graphics Software Inc.). The minimum significant level was set at P<0.05.
When the posterior intestine was mounted in Ussing-type chambers and bathed on both sides with the same solution, the mucosa was slightly positive. After several minutes, the serosa became negative and reached a steady state after 30-50 min. The SCC flows from serosa to mucosa, corresponding to the flow of negative current from the mucosa to the serosa.
Oxytocin decreased the SCC and TPD at concentrations of 1 and 10 mU/ml, but 0.1 mU/ml did not alter these parameters ( Figure  1A ). There was a significant correlation between the concentration of oxytocin and the decrease in SCC and TPD in the posterior intestine, which could be described by the equations in the legend. Oxytocin did not modify G ( Figure 1A ). UII reduced SCC and TPD when added to the posterior intestine at concentrations of 10 nM, 50 nM, and 100 nM. In contrast, UII increased these parameters at 500 nM. UII did not alter G at the concentrations tested ( Figure 1B ). Aldosterone did not alter SCC, TPD or G at the concentrations tested (10 nM and 100 nM) ( Figure 1C ).
Oxytocin reduced SCC and TPD in the posterior intestine of A. anguilla. Since the neurohormones oxytocin, vasotocin and vasopressin affect water and ion transport across many epithelia, their effects will be discussed here simultaneously. Injection of oxytocin and arginin-vasotocin did not alter the water flow in the intestine of freshwater-adapted Anguilla japonica (4) . Vasopressin (pitressin) increased SCC and the flow of water in the colon of Bufo marinus (5). However, this hormone decreased SCC and TPD and increased the absorption of Na + , Cl -and water in the descending colon of rats (6). Bridges et al. (6) presented two hypotheses for the action of vasopressin: first, this hormone could reduce intracellular Ca 2+ because the withdrawal of Ca 2+ from the serosa had the same effect, and second, vasopressin could reduce HCO 3 -secretion, since the absence of this ion reduced the effect of vasopressin on SCC and TPD. The second hypothesis was not compared to the action of oxytocin on the posterior intestine of A. anguilla, but 4,4-diisothiocyano-stilbene 2,2-disulfonic acid (DIDS) (3) as well as oxytocin decreased SCC and TPD when added to the serosa ( Figure 1A) . Vasopressin also stimulated Na + transport from lumen to intracellular medium in the distal cells of the rat nephron (A6 type) by increasing the opening open Na + channels in the apical membrane, allowing the flow of Na + to the serosa, reducing SCC and TPD. Should this hypothesis be correct, oxytocin would be important for freshwater adaptation, since it would increase Na + absorption.
UII concentrations of 10 nM to 100 nM reduced SCC and TPD in the posterior intestine of A. anguilla, whereas at a 500 nM concentration these parameters were increased. The intestine of this species absorbs Na + , Cl -, water (principally), and K + , and the mucosa-serosa flow is higher in seawaterthan in freshwater-adapted animals (1). Consequently, the reduction of SCC and TPD in the posterior intestine of A. anguilla induced by UII (if this reduction is due to a lower absorption of ions) is evidence that this neurohormone is important for freshwater adaptation in teleosts. Supporting this hypothesis is the fact that UII increased the absorption of water, Na + (20 nM), and Cl -(10 nM) in the anterior intestine of seawater-adapted Oreochromis mossambicus, which is similar to the intestinal pattern of freshwater-adapted fishes of this species (8) . UII (100 nM) also depolarized the apical membrane electrical potential difference (with reference to mucosal solution) and increased the fractional resistance of the apical membrane of the posterior intestine of 5% seawater-adapted Gillichthys mirabilis, but did not change these parameters in seawater-adapted animals (9) . Based on these results, together with the fact that UII increased SCC and the mucosa-serosa fluxes of Na + and Cl -in the intestine of this species (5% seawater-adapted), Loretz et al. (9) proposed that this neurohormone stimulates the cotransporter situated on the apical membrane. In addition, UII inhibited active Cl -efflux in the skin of seawater-adapted G. mirabilis and in the opercular membrane of seawater-adapted O. mossambicus (10) . UII also increased diuresis in A. japonica (10) , which may contribute to the elimination of excess water in freshwater-adapted fishes, and in seawateradapted G. mirabilis transferred to deionized water which showed an increase of UII in the urophysis. However, it is unknown if this increase indicates higher production or lesser liberation of UII (11) .
Contrary to this hypothesis is the fact that UII stimulated the reabsorption of Na + in the urinary bladder of G. mirabilis (characteristic of seawater-adapted animals) and inhibited prolactin secretion by the pituitary of O. mossambicus (10) . Furthermore, seawateradapted Platichthys flesus presented a higher amount of UII in the urophysis than freshwater-adapted fishes (12) . Consequently, it is not possible to determine the participation of UII in the regulation of the osmoregulatory organs of teleosts.
Aldosterone did not alter SCC, TPD or G of the posterior intestine of A. anguilla (Fig- (4) . Aldosterone has been identified in teleosts, but its production in vivo and its function as a mineralocorticoid is not known (13) . The dipnoan Lepidosiren paradoxa has an intermediate pattern between teleosts and amphibians: the interrenal gland of this species produces cortisol and aldosterone (14) . Aldosterone is found at low concentrations or cannot be detected in plasma of tadpoles, and has a weak effect on Na + retention, but in adult anurans the level of this hormone is usually greater than in mammals (15) . The injection of aldosterone into Bufo marinus or its addition to the incubation medium (10 µM) increased SCC and the absorption of Na + in the isolated colon (16) . An increase in the absorption of Na + in the colon was also observed in reptiles and birds (17) .
The results of the present study do not eliminate the possibility that aldosterone may act on the intestine of teleosts by affecting ion transport processes. However, our data show that this hormone has no in vitro effect on the posterior intestine of A. anguilla, since the time of incubation used in this study (at least 2.5 h) was longer than that reported to be necessary to detect stimulation of SCC in the colon of B. marinus (16) . Since the effect of aldosterone on the rat colon is observed only after several days of in vivo application (18), a similar methodology should be used to determine whether or not aldosterone acts in the intestine of teleosts. Also, it would be interesting to determine whether aldosterone receptors exist in teleosts, since it seems that significant amounts of this hormone are found only in animals with limited water supply (dipnoans, adult anurans, reptiles, birds, and mammals).
We conclude that oxytocin and UII regulate ion transport in the freshwater-adapted A. anguilla, since both neurohormones decreased SCC and TPD in the posterior intestine of this species. Aldosterone did not show this effect probably due to a lack of receptors in the posterior intestine.
